PCX 



WORLD INTELLECTUAL KtOPERTY ORGANEATION 
Intcmaiional Bureau 




I (51) iDtenmlioiial Patent Classification ^ : 
A61F A61K 6rt)8 



Al 



^^..^n «A.. .PPUCAT10N PUBUSHED UNDE R TOE PATCOT COOPERATION ^ 

(11) International Publication Number: WO 96/39107 

(43) International Publication Date: 12 Dccemb&rl996 (12.12.96) 



(21) International AppUcation Number: PCT/US96/08515 

(22) International FHing Date: 3 June 1996 (03.06.96) 



(30) Priority Data: 

08/470,404 



6 June 1995 (06.06.95) 



US 



I (60) Parent Application or Grant 
(63) Related by Continuation 
US 

Filed on 



Og/407.404 (CON) 
6 June 1995 (06.06.95) 



(74) Common Representative: MERCK & CO.. INC.; 126 East 
Lincoln Avenue. Rahway. NJ 07065 (US). 

rsn Designated States: AL, AM, AU. AZ, BB, BG, BR. BY. CA, 
(81) l>^e^^^^ ^ ^ jp^ KG. KR. KZ. LK. LR 

LT LV^ nS. MG. MK. MN. MX. NO. NZ, RO RU, 
SG SI. SK. TJ. TM. TR. TT. UA. US. UZ, VN, ARIPO 
patent (KE. LS. MW. SD. SZ. UG), Eurasian patent (AM. 
AZ BY KG, KZ, MD. RU, TJ. TM). European patent (AT, 

CH. de: dk. es, h. fr, gb. gr. IE. rr. lu. mc, 

UL PT SE), OAPI patent (BF. BJ. CF. CG. CI. CM. GA. 
GN. ML. MR. NE, SN, TD. TG). 



(71) Applicant (for all designated States except US): MER^K & 
CO., INC. [US/US]; 126 East Lincoln Avenue. Rahway. NJ 

07065 (US). 

(71X72) AppUcants and Inventors: SIMPSON, Hamish [GB/GB]; 
' University of Oxfoid. Headington. Oxford OX3 7LD (GB). 

ATHANASOU, Nick [GB/GB]; University of Oxfonl. 
Headington, Oxford OX3 7LD (GB). 

(72) Inventor, and * ui i 

' (75 Inventor/Applicant (for US only): YATES. Ashley^ J. 
[GB/US]; 126 East Lincoln Avenue, Rahway. NJ 07065 
(US). 



Published 

With intematioml search report. 



(54) r.t.e: BISPHOSPHONATE CEMENT COMPOSmON TO PREVENT ASEPT.C LOOSENING OF ORT.IOPEDIC IMPLANT 

DEVICES 



I (57) Abstract 

Disclosed isabispho.phonatebo„cce.e„tforp.vc„^^^^^^^ 
which cement contains a bisphosphonate bone resoiption inhibitor, e.g.. sodium or caicitim sa 
I acceptable polymeric carrier such as polymethylmethacrylate. 



FOR THE PURPOSES OF INFORMATION ONLY 



pages of pamphlets publishing international 



AM 

AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

pF 

CG 

CH 

CI 

CM 

ON 

CS 

cz 

DE 
DK 
EE 
E5 

n 

FR 
OA 



Armenia 

Austria 

Australia 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

*Cenira] African Republic 
Congo 
Swiizcrlajid 
COle d'lvoire 
Cameroon 
China 

Czechoslovakia 

Czech Republic 

Genmany 

Denmark 

Estonia 

Spain 

Finland 

France 

Gabon 



GB 

GE 

GN 

GR 

HU 

IE 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

U 

LK 

LR 
LT 
hV 
LV 
MC 
MD 
MG 
ML 
MN 
MR 



United Kingdom 

Georgia 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

J^an 

Kenya 

Kyrgysian 

Democraiic People's Republic 
of Korea 

Republic of Korea 

Kazakhstan 

Licchtenstem 

Sri Lanka 

Liberia 

Lithuania 

Luxemboui:g 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

Mali 

Mcmgolia 
Mauriunia 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federaiion 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SIT 




SN 


Senegal 


sz 


Swaziland 


TD 


Chad 



TG 
TJ 
TT 
UA 
UG 
US 

uz 

VN 



Togo 
Tajikistan 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 



WO96O9107 



PCT/US96/08515 



- 1 - 



-TTTT P? OF ITHF. INVENTION 

BISPHOSPHONATE CEMENT COMPOSITION TO PREVENT 
ASEPTIC LOOSENING OF ORTHOPEDIC IMPLANT DEVICES 

5 FTP! D OF THE INVENTION 

The instant invention relates to the use of bisphosphonate 
salts, e.g., alendronate, in an acrylate-based polymer bone cement 
such as polymethylmethacrylate (PMMA), to prevent periprosthetic 
bone loss and failure of a joint prosthesis and in arthroplasty patients 

10 having an orthopedic implant device. 

p ArT^r.ROI TND OF TH F INVENTION 

There are approximately 300,000 prosthetic implants 
performed per year on a world-wide basis, including hip and knee 
15 implants. Of this population, there is about a 5-50% failure rate 

within ten years of the operation, depending upon the specific type of 
prosthesis, requiring a repeat surgery and device re-implant. This 
failure rate increases exponentially with time so that many patients 
with an aging prosthesis gradually experience pain at the site of the 
20 implant and evenmally require implant replacement. This condmon 
of pain is considered to be a result of fragmentation of the cement 
substances utilized in hip prostheses, leading to macrophage-mediated 
inflammation. Further, at the time these patients develop pam and 
loosening of the joint, they also exhibit maikedly increased bone 
25 turnover, especially bone resorption, in the periprosthetic bone 
immediately adjacent to the implant. Evidence for this bone 
nimover can be seen from the fact that bone scanning agents, which 
include bisphosphonates tagged with technetium, are often taken up at 
very high concentrations in these areas of the periprosthetic bone. 
30 Bone turnover in this instance, unfortunately, leads to a steady loss of 
the supporting periprosthetic bone strucnire, aseptic (absence of 
bacterial infection) loosening of the implant device and making 
necessary replacemem surgery. See J. Bone and Joint Surgery, Vol. 
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lm^^!l''n' P'^'' ^^^"^^^ ^^"^y ^^^2) and Vol 75-A. No. 6 pages 
802-813 (June 1993). ^ 

Applicants have discovered that this problem can be 
overcome by incorporating a bone resorption inhibitor into the 
implant cement, which binds (fixates) the device to the supporting 
trabecular or cortical bone in the cavity in which the bone is 
m^^rted. The presence of a bone resorption inhibitor should 
sufficiently inhibit bone resorption in the periprosthetic area of the 
implant device to obviate replacement surgery. 

Most of the currently new bone resorption inhibitors are 
non-estrogenic therapeutic agents in the class of bisphosphonates. 
These compounds are used in the treatment of osteoporosis, and act 
by reducing and/or inhibiting bone resorption in the osteoporotic 
patient Tlie following are examples in the art of bisphosphonates 
15 currently being studied: 

US Patent No. 4,621,077, issued Nov. 4, 1986 to Rosini 
and Staibano discloses pharmaceutical compositions comprising (4- 
ammo-l.hydroxybutylidene-l,l-bisphosphonic acid (ABP) or a 
water-soluble (sodium, aniline or lysine) salt thereof. 

Alendronate, 4-amino- 1 -hydroxybutylidene- 1 1- 
bisphosphonic acid monosodium trihydrate is a known bone 
resorption inhibitor and is described in U.S. Patents 4,922,007 and 
J, 01 9,651 (Merck). 

Clodronate, (dichloromethylene)bisphosphonic acid 

^T^Ir.lT'''^' ^^'^^"^^^ ^ Patent 

o/2,2U5 (1966) and its preparation is found in J. Orv Chem 32 
4111 (1967). S-^nemjz, 

Tiludronate, ([(4-chlorophenyl)thiomethylene]- 
bisphosphonic acid) (Sanofi) is described in U.S. Patent 4,876,248 
•30 issued October 24, 1989. 

YM 175 ([(cycloheptyramino)metfryfene]bisphosphonic 
acrd, disodium salt) by Yamanouchi is described in U.S. Patent 
4,970,335 issued November 13, 1990. 



20 
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CGP 42'446. being 2-(imidazol-l-yl)-hydroxyethyl- 
idene-l,l-bisphosphonic acid is a Ciba Geigy compound and is 
described in Bone and Mineral. Abstracts. Supplement 1 to Vol 25, 
April 1 994, S6 1 , Article 1 2, by A. Pataki et al. 
5 Ibandronate, BM 21.0995 (1 -Hydroxy-3-(methylpentyl- 

amino)-propylidene-bisphosphonate) by Boehringer-Mannheun - is 
described in U.S. Patent 4.927.814 issued May 22, 1990. 

A study by Proctor and Gamble (Norwich Eaton 
Pharmaceuricals) using nsedronate, whose chemical name is sodium 
10 trihydrogen [ 1 -hydroxy-2-(3-pyridinyl)ethyUdene]bisphosphonate. m 
combination with estrogen showed a positive effect of both of these 
agents to prevent or reverse bone loss in ovariectomized rats 
(published in Abstracts 731 and 732 at the Fall 1992 ASBMR 

meeting in Minnesota). „o /ix ia 

15 The article, '7. Clin. Invest.", Jan. 1992. 89 (1), P- 74- 

78 by J. Chow et al., describes a study on ovariectomized rats m 
which bone resorption was suppressed by p^midronate whose 
chemical name is 3 -amino- 1 -hydroxy propylidene-bisphosphomc acid 
disodium salt. They concluded that pamidronate inhibits bone 

20 resorption. o m 

Mildronate. a derivative of pamidronate, 3-(IN4n- 
dimethyDamino- 1 -hydroxy-propy lidene-bisphosphonic acid. 
dimethvl-APD, is described in Bone and Mineral, Abstracts, 
Supplement 1 to Vol 25, April 1994, 879, Article 78, by D. Gonzalez 

Another Proctor and Gamble compound, piridronate , 
[2-(2-pyridinyl)ethylidene3-bisphosphonic acid, monosodium salt is 
described in USP 4,761,406 as having bone resorption inhibition 

activity. r ■ ^ * 

30 Quatemary nitrogen derivatives of pmdronate, 

including NE-58051, NE-58095. NE-58043, NE-I0244, NE-I-0446 
are described in Bone and Mineral, Abstracts, Supplement 1 to Vol 
25, April 1994, S65, Article 24, by F. H.Ebetino et al. 
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The article, "MonaBchefte" 99, 2016 (1968) by 
EKasparet describes the synthesis of aitonaiS. (1 -hydroxy- 
ethyl,dene)bisphosphoiuc acid, disodium salt, (Proctor and Gamble) 

<! c„ , ^ It '"""^ bisphosphonates are readily water soluble. 

5 Fo extended bioavailability in the aiea of flie periprosthetic bone 
water-msoluble bisphosphonate salts, e.g., calcium salts, would als'o 
be desired for formulating a cement. 

US Patent No. 4,446,052, issued May 1,1984 to 
Sunberg and Benedict, discloses a gel comprising di[(3-amino-l- 

10 hy^oxy^propy,idene)-l,l-bisphosphonic acidJtrLlcL" 
wattn TKe ge ,s disclosed to be useful for the treatment of certain 
disorders of calcium metabolism in wann blooded animals 

US Patent 5,356,887. issued October 18, 1994 to 

15 .wTk^ " "['^ '° ^^'"^ * Co., Inc., discloses three new 

15 "soluble calcium salts of alendronate: ((4.amin„-l-hydroxy. 
butyhdene)-l,l-bisphosphonic acid]monocalcium salt. (ABP)Ca- 
d, (4-amino-l.hydroxybutylidene).l,l-bisphosphonic acidjmono- 
calcium salt, (ABP)2Ca; and .ri[(4-amino.l.hydroxybu.ylidene)-l 1- 
bisphosphomc acidjtetracalcium salt, (ABP)3Ca4. TTiese salts are ' 

20 de,,cnbed as useful in intramascular or subcutaneous injection 

"""'^^ef. *e above cited art does not suggest or 
describe the u.se of a bisphosphonate being inco^-orated into a 
polymethyl-methacrylate bone implant cemem to specifically prevent 

25 o r'irr ""l P-riprosthetlc l^ne area 
01 an orthopedic implant device. 

What is desired in the art is a bone implant cemem to 
optimally prevent excessive bone re.,o,ption in the periprosthetic 
a^ea of an miplant device, i.e., the bone area which is in contact and 

30 aidfiT^r'l^*' '° ■^'"^'i ^ ^"Pri^ '"Opening 

30 and failure of the device and thereby to prevent the pain, morbidity 
and co.st associated with this condition. 
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QTIKyTM AR Y OF THE DsfVENTlON 

We have discovered that a bisphosphonate salt can be 

used in a bone fixation cement for patients for the prevention of 

failure of joint prostheses, e.g., for the hip or knee. Administration 
5 of a fixation cement containing a bisphosphonate, e.g., alendronate, 

can provide extended therapeutic action and prevent the 

periprosthetic bone resorption process and thereby maintain the 

integrity of the total prosthetic structure. 

By this invention there is provided a bone implant 
10 cement comprising a pharmaceutically acceptable polymeric carrier 

and an effective amount of a bisphosphonate bone resorption 

inhibitor. 

The bisphosphonate appHcable in the cement includes the 
free acids, and pharmaceutically acceptable salts, e.g., sodium, 
15 potassium, ammonium, calcium, magnesium and barium salts of: 
alendronate, clodronate, tiludronate, YM 175, ibandronate (BM 
21.0995), risedronate, piridronate, pamidronate, or combinations 
thereof. 

Further provided is a method of preventing failure of a 
20 joint prosthesis implanted into a bone cavity in the presence of an 
orthopedic bone cement in a patient comprising the steps of: 

(a) adding a bisphosphonate to the orthopedic bone 
cement; 

(b) adding the cement from step (a) to the bone cavity; 
25 (c) implanting the joint prosthesis into the bone cavity. 



DETAILED DESCRIPTION OF THE INVENTION AND 

PRF.FHRRED FMRODIMENTS 

The bisphosphonates described above are useful in the 
invention cement. Very useful are the sodium, potassium and 
calcium salts of residronate, clodronate, tiludronate and alendronate 
and particulariy useful are the sodium and calcium salts of 
alendronate, i.e., monosodium alendronate trihydrate, disodium 
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alendronate, anhydrous monosodium alendronate, di[(3-amino-l- 
hydroxypropylidene)-l,l.bisphosphonic acid]tricalciiim. [(4-amino- 

;om'^''^^"'^"'*^''^^"^'^-^^'P^°''^P^°^ acid]monocalciiun salt, 
(ABP)Ca.dif(4-amino-l.hydroxybutylidene)-l.l-bisphosphonic 
acid monocalcium salt. (ABP)2Ca, and tri[(4.amino-l.hydroxy- 
butyIidene)-l,l-bisphosphonic acidjtetracalcium salt, (ABP)3Ca4. 

The cement disclosed herein can be used to treat human 
subjects at the time of insertion of a prosthesis, i.e., a medical 
implant device. 

'"^^ "^^thod described herein involves the administration 
of a bisphosphonate fixation cement in an osteogenically effective 
amount to inhibit bone resoq^tion in the periprosthetic bone area of a 
medical implant device. 

By the term "periprosthetic bone area" as used herein is 
meant the area of bone which is in contact with the medical implant 
device, mcluding the cement, or in. the immediate proximity thereof. 

By the term "sodium alendronate" as used herein is 
meant alendronate, being 4-amino-l-hydroxybutyIidene-l,l- ' 
bisphosphonic acid monosodium trihydrate. 

By the term "calcium alendronate" as used herein is 
meant the above four listed insoluble calcium salts. 

^eO' useful bisphosphonates .salt in the invention are 
alendronate and calcium alendronate. 

By the terni "insoluble" as used herein, is meant that the 
aqueous .solubility of the bisphosphonate, calcium alendronate, at 
room temperature is not appreciable. 

The term "inhibition of bone resorprion" as used herein 
refers to prevention of bone loss, especially the inhibition of removal 
of existmg bone either from the mineral phase and/or the organic 
matnx phase, through direct or indirect alteration of osteoclast 
fomiation or acrivity. Thus, the term "inhibitor of bone resorption" 
as used herein refers to agents that prevent bone loss by the direct or 
mdirect alteration of osteoclast formation or activity 



wo 9W39107 



PCT/US96/0851S 



-7 - 



The term "osteogenically effective" as used herein means 
that amount which decreases the turnover of mature bone. As used 
herein, an osteogenically effective dose is also "pharmaceutically 
effective." 

5 The term "subject" as used herein refers to a living 

vertebrate animal such as a mammal in need of treatment, i.e., in 
need of an implant device 

The term "preventing" as used herein shall mean 
providing a subject with an amount of a bisphosphonate in a bone 
10 cement sufficient to act prophylactically on the bone cavity and the 
periprosthetic bone area to prevent the loosening of the implant 
device. 

By the term "cement", as used herein, is meant to 
encompass the mixed cement composition containing all of the 

15 ingredients and components prior to, during, and after complete 
"curing", i.e., during early stages of monomer polymerization, at 
partial polymerization and complete polymerization. Thus, the term 
"cement" can include the kneaded precured mass containing 
unpolymerized methylmethacrylate just prior to insertion into the 

20 bone cavity, the inserted mass just after insertion, and the fully 
polymerized cement , i.e., "fully cured", inside the bone cavity in 
contact with the prosthetic bone and the implant device after 
sufficient time for complete curing, e.g., 15-20 minutes. 

hi general, conventional bone cements currently used in 

25 arthroplastic procedures are FDA approved "cold" self-curing 

polymethylmethacrylate (PMMA)-based compositions which cure at 
room temperature or body temperature. 

Generally bone cements have to be prepared 
immediately prior to using and and consist of two parts: first, a sohd 

30 acrylate polymer part, which is generally a sterile package containing 
fully polymerized polymer, e.g., PMMA beads of substantially 
uniform small particle size of about 5-20 microns average diameter, 
and a catalyst, e.g., a solid aromatic peroxide such as benzoyl 
peroxide, present in about in one weight percent or less; and a second 
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part, containing the acrylate monomer, which is generally a sterilized 
ampoule containing the acrylate or methacrylate monomer, e g 
methylmethacrylate. and an initiator, e.g., an N,N.disubstituted ' 
aromatic amine such as N.N-dimethyl.p.toluidine. present in about 
one weight percent or less. The second part can also contain a small 
quantity of a monomer stabilizer e.g., hydroquinone or a 
dicarboxyhc acid, such as ascorbic acid in about 0.02 weight percent 
or less of the composition. A small amount of ethyl alcohol in about 
one weight percent or less can also be present to help solubilize the 
ascorbic acid. When the initiator comes into contact with the catalyst 
upon mixmg of the polymer powder and monomer parts, the 
activator-catalyst interaction activates the catalyst to initiate the 
polymerization of the monomer. 

The polymer powder part can also contain a 
radiopaquing agent, e.g., zirconium oxide or barium sulfate, present 
in about 5-15 weight percent of the composition, to distinguish the 
cement from bone during subsequent X-ray analysis and monitoring 
ot the implanted device. 

Both the polymer powder and monomer parts can also 
contam a non-toxic pigmented coloring agent e.g., chlorophyll, 
present in less than 0.1 weight percent, to enable easy identification 
in the surgical room during handling and preparation. 

Further, an antibiotic can be included in the polymer 
powder part, e.g., gentamicin sulfate, or tetracycline, presem in 
about 1-2 weight percent or less, to prevent bacterial infection in the 
penprosthetic area. 

The separately packaged polymer powder can be 
stenhzed prior to use with, e.g., gamma radiarion; the monomer can 
be stenhzed by e.g., sterile microfiltration; and the package 
contaming the polymer part can be sterilized by e.g., ethylene oxide. 

hi practice, the contents of the pofymer powder and 
monomer parts are mixed in an area having an exhaust system in the 
surgical room just prior to application. All sterile instmments are 
used m the mixing procedure. The monomer is added to the 
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polymer powder during mixing at room temperature being careful 
not to entrap air and create air voids. Care must be taken in 
handling the monomer since it is volatile and flammable. The 
polymerization of the monomer begins which binds together the 

5 polymer producing a dough-like mass over a 1-2 minute period. The 
mass is kneaded to a desirable consistency and then placed into the 
bone cavity, which has been previously washed with cold saline 
soiition and dried, under a slight pressure, by sterile gloved hand, 
sterile spatula, or by a syringe applicator to force the cement into the 

10 spongy areas of the bone to eliminate "air pockets" between the bone 
cavity and the cement. The reason for this is that the cement is not 
an adhesive and depends upon mechanical interlock of bone, cement 
and implant surfaces for good fixation. The implant device is then 
firmly inserted iuto the bone cavity and the excess cement removed. 

15 The implant is held firmly in place until complete curing occurs in 
about a 7-8 minute period. The rest of the arthroplastic structure is 
then assembled. 

The cement useful herein contains a bisphosphonate 
admixed with a polymeric base. 

20 Representative examples of polymers that can be used as 

the polymeric base for fixation of bone implants are polyacryhc acid 
ester and polymethylacryhc acid ester types, e.g., polymethacrylate 
and polymethylmethacrylate, including copolymers of polyacrylic 
acid ester/polymethacrylic acid ester, and copolymers with polyalkyl- 

25 methylmethacrylate. Specific polymers include: 

polyalkylmethacrylates including polymethylmethacrylate (PMMA) 
and polyethylmethacrylate, polymethacrylate, polymethylmeth- 
acrylate/polymethacrylate copolymers, copolymers of methyl- 
methacrylate including methylmethacrylate/n-decylmeth- 

30 aery late/isobomylmethacry late, copolymers and mixtures thereof the 
above polymers, and the like. A very useful poFymerfs 
polymethylmethacrylate. 
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The dosage or amount of bisphosphonate in the cement 
necessary to achieve therapeutic effectiveness, will vary with the age. 
size, sex and condition of the subject, the nature and severity of the ' 
disorder to be treated, and the like; thus, a precise effective amount 
is best determined by the caregiver. In general terms, an effective 
amount of biphosphonate is about 0.005 to 10 weight percent of the 
total cement composition and a particularly useful range is 0.1 to 2 
weight percent. 

The method of the invention is useful for preventing 
defects and disorders in the periprosthetic area of the joint prosthesis 
which can result in a weakened or loosened structure and/or pain. 

The bisphosphonate-containing cement may be implanted 
directly at the site to be treated, for example, by injection or surgical 
implantation. 

Bisphosphonate delivered in cement is useful for 
maintaining implant fixation, by preventing or delaying the onset of 
aseptic loosening. 

Preparations of the bisphosphonates, disodium 
alendronate and anhydrous monosodium alendronate, which are 
20 operable in the cement, are shown below. 



15 



SUPPORTTNr. FYAMPTPy 

4-Amino-l-Hydroxy-Butylidene-l,l-Bisphosphonic Acid Disodium Salt 
25 Monohy Hratf^ 

To a suspension of 4-amino-l -hydroxy- 1,1-diphosphonic 
acid (3.97 g) in 150 ml of distilled water was added with stirring 
aqueous sodium hydroxide (0.5N) until the pH of the soution was 9.2. 
The stirred solution was triturated with 200 ml ethanol (absolute) to 
30 give a suspension of a fine white solid which was chilled at 5 degrees C. 
ovemight. The obtained solid was collected by vacmmi filtration, air 
dned, and then dried in vacuo at 100 degrees C. at 0.2 torr for 18 hours 
over P2O5 to yield 4.38 g, (88%) yield of the disodium salt 
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mbnohydrate title compound. A sample was submitted for CHN 
analysis; 

For C4H1 lN04P2Na2:H20: 
Anal.: C, 15.44; H, 4.21; N, 4.50 
5 Found: C, 15.28; H, 4.49; N. 4.49 

Melting Point of the solid was above 300 degrees C. 

Solubility of the disodium salt in water is about 200mg/ml 
as cx)mpared to the free acid which is 8 mg/ml. 

The solution pH of the disodium salt at 50 mg/ml. is 8.7, as 
10 compared to the free acid which is pH 2.2 at 8 mg/ml. 

SUPPORTING EXAMPLE n 

Interconversion of Hvdrated Forms of Disodium Salt 
15 The above obtained monohydrate from Example 1 is 

exposed to a relative humidity atmosphere at 76% at room temperature 
for 24-48 hours resulting in the pentahydrate salt. 

Exposure of this pentahydrate salt to 0% relative humidity 
at room temperature for 24-48 hours results in a trihydrate salt. 
20 The trihydrate salt is heated to 100 degrees C. for 1-4 

hours and results in a 2.5 hydrate (hemipentahydrate) salt. 

The hemipentahydrate salt can be heated between 1 00- 1 50 
degrees C. for 1 -4 hours to produce the hemihydrate. 

The hemihydrate salt can be heated from 150-250 degrees 
25 C. for 1 -4 hours to produce the anhydrous salt. 

All of the above crystalline forms can be distinguished by 
their water content. 
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SUPPORTT^in EX A MPT P m 
Preparation of 4-Amino-l-Hydroxy-Butylidene-l.I.Bisphosphonic Acid 

MonoSOdilim Salt AnhyHrot^ ^ ^ 

^ add (4 09 av"" ^^'"^P^"f " °f 4.amino-l-hydroxy-I.l-diphosphonic 
acid (4.02 g) in 150 ml of distilled water was added with stining 
aqueous sodium hydroxide (0.5N) until the pH of the soution was 4.40 
The stirred solution was triturated with 200 ml ethanol (absolute) to 
give a suspension of a fine white solid which was chilled at 5 degrees C 

rid th? T'T' filtration 
dned, and then dned in vacuo at 100 degrees C at 0 9 tnrr f^r iq k 

over P205 .o yield 3.38 g. (9,%) y^.f^Z coC-d 1"'"' 

sample was submitted for CHN analysis- 
ForC4Hi2N07P2Na: 

15 Anal.: C, 17.72; H, 4,46; N. 5.16 
Found: C, 17.56; H, 4.67; N, 5.15 
Melting Point of the sohd was 244-245 degrees C (d ) 

pattern. ""^'^^^^ "^'^^"^ '^"'P''^' " ""^^"^ ^"^^^ di^^^^on 

about 300 mg/ml as compared to the free acid which is 8 mg/ml 
sZoT '"'^'"^^ P^^^^P^^^^- ^^-o- 

The solution pH of the monosodium salt at 40 mg/ml is 
■5 4.4, as compared to the free acid which is pH 2.2 at 8 mg/ml ' ' 

The water adsoiption by the anhydrous salt at lower 
numidities is quite slow. 

The following Examples are given to illustrate the 
0 shZr Tu contemplated by the inventors and 

tte I^L:. "™ '^"^^ - -P^ and spirit of 
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EXAMPLE 1 

The following are examples of Palacos^wR with 
Gentamicin base cement, commercially available, including new 
5 foraiulations with bisphosphonates, e.g., alendronate and calcium 
alendronate. Palacos is a registered trademark of Heraeus Kulzer 
GmbH Wehrheim, Geraiany, under license to Schering Plough, 
Suffolk, England. 
Part A CPolvmer Powder't 

10 

Sterilized polymer packet containing: 



Ingredient Grams 
Methyl methacrylate - methyl acrylate copolymer 33.80 
15 Benzoyl peroxide 0.20 

Zirconium dioxide 6.00 
Chlorophyll 0.001 
Gentamicin Sulfate 0.5 

20 Part B (Monomer^ 

Sterilized ampoule (20ml) containing: 

Ingredient Grams 

25 Methyl methacrylate (stabilized with hydroquinone) 18.40 

N,N-Dimethyl-p-toluidine 0.40 
Chlorophyll 0.0004 



Part B is added to Part A under sterile conditions with 
30 simple mixing and 1 . 1 86 grams (2 weight percent based on the 
weight of the cement composition prior to adifing the 
bisphosphonate) of 4-amino-l-hydroxybutylidene-l,l-bisphosphonic 
acid monosodium trihydrate (alendronate) is added during the 
mixing step to achieve a uniform cement mixture containing: 
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Ingredip.nf 

Benzoyl peroxide ^'^^^ 

5 Zirconium dioxide ^'^^ 

Chlorophyll ^-^^ 

Gentamicin Sulfate ^'^^^^ 

10 59.3 

Piridronate n,™;/ '"^175, ibandronate, etidronate, risedronate, 
pindronate, pamidronate, 4-amino-l.hydroxybutylidene-l 1- 

15 l,l-b,sphosphomc acdjmonocalcium salt. (ABP)Ca dir(4-amtoo 1 
Dercent nt ,h, (ABP)3Ca4, or mixture thereof being 2 weight 

Further, different amounts of bisphosphonate can be used 

25 

EXAMPI.R 9 

> . Alendmnate Effects on Bone Fo^ation and Resorbability 

« add back lo« Z^°'''''r''''™^'"''**P'^"""*''''"^l°«»^"d/<>r 
back lost bone can be evaluated in the ovarieciomized tat This 

an.ma model is well established in the art (see, for ex^r 
Wronski, et al., (1 9R5) "Calcif. Tissue Int 57-324-327^7^™.! 
a/., (1990) "Calcif Tissue fa. .ffi-ioi Tw in/n ^f.' " 

(1990) "Calcif Tissue Int " 47-383 387 i ^'"''"''S^- « 

^»uc mi. 4/.JX3-387; these references are hereby 
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iricorporated in their entirety). Wronski, et aL ((1985) "Calcif. 
Tissue Int." ^5:179-183)) describe the association of bone loss and 
bone turnover in the ovariectomized rat. The bisphosphonate salts 
applicable in the instant invention are active in this assay. 

5 

2. Alendronate Effects on Osteolysis and Localized 

Inflammation in a Bone Cement 

Following rat tibial marrow aspiration, according to the 
procedure described in J. Bone Min. Research, Vol. 8, No. 3, pp. 379- 
10 388 (1993) by L.J. Suva et aL, 2i quantity, 10-100 milligrams of 
polymethyl-methacrylate (PMMA) particles of about 5-10 microns 
average diameter, which can be derived from the grinding of a PMMA 
block, are introduced into the rat tibial medullary cavity and the bone 
sealed using conventional bone wax. This serves as the control. 
15 The opposite side of the rat tibia is treated at about the same 

time and in the same manner except that the PMMA contains up to about 
2 percent by weight of alendronate, either as the calcium or sodium salt, 
or other pharmaceutically acceptable salt. The alendronate salt is 
incorporated into the PMMA by simple mixing prior to polymerization 
20 until a uniform mixture is achieved. 

After 4-8 weeks, the animal is sacrificed, and the tibiae are 
examined histologically and compared. 

It is seen that the tibial medullary cavity containing PMMA 
particles without alendronate is expanded. This is evidence of localized 
25 inflanrunation and osteolysis. 

By contrast, the tibia containing the alendronate exhibits no 
subst£uitial localized inflammation or osteolysis, but instead, exhibits 
new bone formation in the region of the PMMA particles. 

Therefore, the alendronate-containing PMMA prevents 
30 PMMA particle induced osteolysis and localized inflammation. 

This f s consistent wftfi the meffiocf of administering a 
bisphosphonate -containing cement, e.g., alendronate, to a patient's 
periprosthetic bone area to prevent bone resorption and aseptic 
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rate of bone resorption, but not its complete inhibition, is predicted to 
be associated with an improvement in the local bone balance in the 
penprosthetic bone which will provide greater integrity to the overall 
bone and prosthesis structure. 
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WHAT IS CLAIMED TS r 

1 . A bone implant cement comprising a 
pharmaceutically acceptable polymeric carrier and an effective 

5 amount of a bisphosphonate bone resorption inhibitor. 

2. The cement of Claim 1 wherein said 
bisphosphonate bone resorption inhibitor is selected from the group 
consisting of: sodium, potassium, calcium, magnesium and barium 

10 salts of alendronate, clodronate, tiludronate, YM 175, ibandronate, 
risedronate, piridronate, pamidronate, or mixtures thereof. 



15 



3. The cement of Claim 1 wherein said 
bisphosphonate bone resorption inhibitor is sodium alendronate. 

4. The cement of Claim 1 wherein said 
bisphosphonate bone resorption inhibitor is calcium alendronate. 

5. The cement of Claim 4 wherein said calcium 

20 alendronate is selected from the group consisting of: di[(3-amino- 1 - 
hydroxypropylidene)-l,l-bisphosphonic acidjtricalcium; [(4-amino- 
l-hydroxybutyHdene)-l,l-bisphosphonic acid]monocalcium salt; 
di[(4-amino-l-hydroxybutylidene)-l,l-bisphosphonic 
acid]monocalcium salt; and tri[(4-amino-l-hydroxybutylidene)-l,l- 

25 bisphosphonic acidjtetra-calcium salt. 

6. The cement of Claim 5 wherein said calcium salt 
of alendronate is [(4-amino-l -hydro xybutylidene)- 1,1 -bisphosphonic 
acid]monocalcium salt. 



30 



7. The cement of Claim I wherein said polymeric 
carrier is a polymethacrylate, polymethylmethacrylate, copolymer 
thereof, or copolymer with polyalkylmethylmethacrylate. 
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8 The cement of Claim 7 wherein said polymeric 
earner ,s selected from the group consisting of: polymethyi- 
methaciylate polyethylmethaciylate. pol^^^^^^ 
polymethacrylate copolymer, polymethac^^late. copolymer of 
5 °^e%lmethaciylate/n-decylmethac,ylate/isobomylmeth^^^ 

9. The cement of Claim 8 wherein said polymeric 
earner is polymethyhnethacrylate. Poiymenc 

u u . '^^ cement of Claim I wherein said 

Sit salt is present in about 0.005 to 10 weight percent of 

the total cement composition. 

I*: u- u . The eement of Claim I wherein said 

total cement composition. 

12. The cement of Claim 1 wherein said bone 
resorption inhibitor is a calcium salt of alendronate arid said 
poiymenc earner is polymethyhnethacrylate. 

1 3. The cement of Claim I wherein said bone 
reso^fon inhibitor is alendronate and said polymeric carrier is 
polymethyl-methacrylate 

25 

; 16. A method of preventing failure of a joint 
prosthesis implanted into a bone cavity in the presence of an 
orthopedic bone cement in a patient comprising the steps of: 
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(a) adding a bisphosphonate to the orthopedic bone 
cement; 

(b) adding the cement from step (a) to the bone cavity; 

(c) implanting the joint prosthesis into the bone cavity. 
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